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© Valve actuating mechanism for internal combustion engines. 

® A valve actuating mechanism for an internal combustion engine has a rotatable cam which has Its camming 
!3 surface (12) disposed to slide on a cam slipper surface (14) of a rocker arm to thereby open and close an intake 
valve (or exhaust valve) of the engine by rocking motion of the rocker arm. The dimensions shapes, and relative 
positions of the rotatable cam and the rocker arm are so designed as to satisfy a condition of V c + V F > 0. 



» positions of the rotatable cam and the rocker arm are so aesignea as io smi&iy a ^ui.u.uw.. w. * c ■ 

II where V c represents the velocity of movement of a contact point on the camming surface at which the camming 

surface slides on the cam slipper surface, and V F the velocity of movement of the contact point on the cam 

£2 slipper surface at which the cam slipper surface slides on the camming surface. 
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VALVE ACTUATING MECHANISM FOR INTERNAL COMBUSTION ENGINES 



The present invention relates to a valve actuating mechanism for opening and closing an intake or 
exhaust valve of an internal combustion engine installed on a vehicle. 

Conventionally, a valve actuating mechanism for interna! combustion engines as shown in Fig. 1 is 
known in which a rotating cam 1 has its camming surface 2 disposed to slide on a cam slipper surface 4 of 
s a rocker arm 3 to thereby open and close an intake valve 5 (or exhaust valve 6) by rocking motion of the 
rocker arm 3. 

This type of valve actuating mechanism is required to have so high wear resistance that it is not 
adversely affected by lubricating conditions which may vary according to the type of lubricating oil used 
and running conditions of the vehicle, as well as to be light in weight to contribute to upgrading the 
io performance of the engine. 

However, the conventional valve actuating mechanism has the disadvantage that the camming surface 2 
and the cam slipper surface 4 are liable to wear, which makes it impossible to meet the above 
requirements. 

Analysis of the cause of the wear has revealed that, in almost all cases, the wear is caused by scuffing 
rs due to breakage of the oil film. Breakage of the oil film can cause scuffing and sometimes even seizure 
even if the pressure or load acting upon the camming surface 2 and/or the cam slipper surface 4 is 
reduced, which, therefore, cannot completely solve the problem. 

According to the invention there is provided a valve actuating mechanism for an Internal combustion 
engine having at least one intake valve and at least one exhaust valve, including a rotatable cam having a 
20 camming surface, and a rocker arm having a cam slipper surface disposed in slidabie contact with said 
camming surface, wherein said intake valve or said exhaust valve is opened and closed by rocking motion 
of said rocker arm caused by rotation of said rotatable cam, characterised In that said rotatable cam and 
said rocker arm have dimensions, shapes, and relative positions so designed as to satisfy a condition of V c 
+ V F > 0, where V c represents velocity of movement of a contact point on said camming surface of said 
25 rotatable cam at which said camming surface slides on said cam slipper surface, and V F represents velocity 
of movement of the contact point on said cam slipper surface at which said cam slipper surface slides on 
said camming surface. 

At least in its preferred forms the invention provides a valve actuating mechanism for internal 
combustion engines which is free from breakage of oil film between the camming surface and the cam 

30 slipper surface, and hence has increased wear resistance; and a valve actuating mechanism for internal 
combustion engines which is reduced in weight. 

According to a first embodiment of the invention, the condition of V c + V F > 0 is satisfied by setting r 
and a such that f S 2.1 is satisfied, where r represents radius of a base circle of said camming surface, and 
a represents radius of curvature of said cam slipper surface. 

35 According to a second embodiment of the invention, said rocker arm has a pivot having a fulcrum point 
about which said rocker arm rocks, and a stem slipper surface disposed in slidabie contact with said Intake 
valve or said exhaust valve, and the condition of V c + V F > 0 is satisfied by the following expression: 



( \_ — k /VTJTT) j +c -2bc (1 + rj cos or + AJ 
r+a a 

< 1 + P 



where 

r: radius of a base circle of said camming surface; 

a: radius of curvature of said cam slipper surface of said rocker arm; 

b: distance between the fulcrum point of said pivot and center or curvature of said cam slipper surface; 
c: distance between the fulcrum point of said pivot and axis of said cam shaft 

T: angle formed by a straight line passing through the fulcrum point of said pivot and center of curvature of 
said stem slipper surface, and a straight line passing through the fulcrum point of said pivot and the axis of 
said cam shaft; and 

X- angle formed by a straight line passing through the fulcrum point of said pivot and the center of curvature 
of said stem slipper surface, and a straight line passing through the fulcrum point of said pivot and the 

2 
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center of curvature of said cam slipper surface. 

Certain preferred embodiments of the invention will now be described by way of example and with 
reference to the accompanying drawings, in which:- 

Fig. 1 is a sectional view of a conventional valve actuating mechanism; 
5 Fig. 2 is a sectional view of essential parts of a valve actuating mechanism according to a first 

embodiment of the present invention; 

Fig. 3 is a diagram showing the dimensional relationships between the essestial parts of the valve 
actuating mechanism shown in Fig. 2; 

Fig. 4 is a diagram showing the velocity at which lubricating oil passes between the camming surface 
io and the cam slipper surface; 

Fig. 5 is a graph showing the relationships between the ratio of the radius of curvature of the cam 
slipper surface to the radius of the base circle of the camming surface, the velocity at which lubricating oil 
passes at a contact point between the camming surface and the cam slipper surface, and the weight of the 
rocker arm; 

15 Fig. 6 Is a graph showing the relationship between the thickness of oil film between the camming 

surface and the cam slipper surface, and the contact point between the camming surface and the cam 
slipper surface; and 

Fig. 7 is a graph showing results of endurance tests conducted on the rocker arm of the conventional 
valve actuating mechanism and the rocker arm of the valve actuating mechanism according to the invention. 

20 

The invention will be described in detail below with reference to Figs. 2 to 9 of the drawings. Fig. 2 
shows essential parts of a valve actuating mechanism for an internal combustion engine according to the 
invention. In the figure, reference numeral 10 designates a cam which is rotatable in the direction indicated 
by the arrow. The cam 10 is integrally formed on a cam shaft 11. The cam 10 has its camming surface 12 

25 disposed in slidable contact with a cam slipper surface 14 of a rocker arm 13. The rocker arm 13 has a 
spherical pivot 15 downwardly pendent from an end thereof and fixed to the end by a nut 20 and a bolt 21. 
The pivot 15 is pivotally fitted in a bearing 16 to thereby support the rocker arm 13 for rocking motion about 
the pivot 15 and bearing 16 as a fulcrum. The rocker arm 13 also has a stem slipper 17 integrally formed at 
another end thereof and extending downward therefrom in slidable contact with an upper end face of a stem 

co 18 of an intake valve or an exhaust valve. With rotation of the cam 10. the rocker arm 13 is caused to make 
a rocking motion, which in turn causes the stem 18 to reciprocate in the directions indicated by the arrows, 
whereby the intake or exhaust valve is opened and closed. The basic construction of the valve actuating 
mechanism described above is similar to that of the prior art. 

Features of the invention which are novel and different from the prior art will be described below. Fig. 3 

35 diagrammatically shows the essential parts of the valve actuating mechanism with numerals and symbols 
useful for explaining the principle of the invention. In the figure, r represents the radius of the base circle 
12a of the camming surface 12, d the axis of the cam shaft 11. Oa the center of curvature of the cam 
slipper surface 14 of the rocker arm 13. O3 the center of curvature of the stem slipper surface 17 of the 
rocker arm 13, O* the fulcrum point of the pivot 15. P a contact point between the camming surface 12 and 

40 the cam slipper surface 14, a the radius of curvature of the cam slipper surface 14 of the rocker arm 13. b 
the distance between the fulcrum point O*. of the pivot 15 and the center O2 of curvature of the cam slipper 
surface 14 of the rocker arm 13, c the distance between the fulcrum point O* of the pivot 15 and the axis 

01 of the cam shaft 11, h a straight line passing through the fulcrum point O4 of the pivot 15 and the center 

02 of curvature of the stem slipper surface 17 of the rocker arm 13, l 2 a straight line passing through the 
-*s fulcrum point O* of the pivot 15 and the axis Oi of the cam shaft 11, I3 a straight line passing through the 

fulcrum point Oa of the pivot 15 and the center O2 of curvature of the cam slipper surface 14 of the rocker 
arm 13, U a straight line passing through the center 0 2 of curvature of the cam slipper surface 14 of the 
rocker arm 13 and the contact point P between the camming surface 12 and the cam slipper surface 14, l 5 
a common straight line tangential to the camming surface 12 and the cam slipper surface 14 at the contact 

50 point P. y a straight line passing through the axis O1 of the cam shaft 1 1 and intersecting with the straight 
iine l 2 at an angle £ thereto, x a straight line passing^ through the axis Oi of the cam shaft 11 and 
intersecting with th straight line y at a right angle thereto, f* an angle formed by the straight lines h and l 2( X 
an angle formed by the straight lines h and l 3 , p an angle formed by the straight lines l 3 and U, 4 an angle 
formed by the common tangent I5 and the straight line x, and e an angle formed by the straight lines l 3 and 

55 x. 

According to the invention, the following condition is always satisfied throughout the entire angles of the 
cam 10, i.e. irrespective of the angles assumed by the cam 10: 
V c + V F > 0 (1) 

3 
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where V c represents the velocity of movement of a contact point on the camming surface 12 at which the 
camming surface 12 slides on the cam slipper surface 14, and V F represents the velocity of movement of 
the contact point on the cam slipper surface 14 of the rocker arm 13 at which the cam slipper surface 14 
slides on the camming surface 12. 

s If the valve actuating mechanism is arranged and constructed such that the above condition is satisfied, 
the velocity at which lubricating oil passes between the camming surface 12 and the cam slipper surface 14 
does not become zero, so that breakage of oil film does not occur. 

The breakage of oil film occurs when the velocity at which the lubricating oil passes between the 
camming surface 12 and the cam slipper surface 14 is zero. 

to Fig. 4 shows velocities at which the lubricating oil passes between the camming surface and the cam 
slipper surface. In the figure, supposing that t represents an apparent clearance between the camming 
surface 12 and the cam slipper surface 14, the breakage of oil film occurs when the velocity component of 
the lubricating oil at a point of \ equals 0. i.e. the speed at which the lubricating oil passes is 0. If viewed in 
terms of the velocity of movement of the contact point P on the camming surface 12 at which the camming 

is surface 12 contacts the cam slipper surface 14, the breakage of oil film occurs when V c = - V F . 

A first embodiment of the invention which satisfies the above expression (1) will be described below. 
According to the first embodiment, the radius r of the base circle 12a and the radius a of the curvature 
of the cam slipper surface 14 are set at such values as to satisfy the following expression (2): 
? * 2.1 (2) 

20 Fig. 5 shows the relationships between the ratio f of the radius a of curvature of the slipper surface 14 
to the radius r of the base circle of the camming surface 12, the velocity at which the lubricating oil passes 
at the contact point between the camming surface 12 and the cam slipper surface 14. and the weight of the 
rocker arm 13. In the figure, a curve (I) indicates the velocity V c + V F of the lubricating oil. and a curve (II) 
indicates the weight of the rokcer arm 13. The curve (II) has been obtained by varying the radius r of the 
25 base circle 18 while the radius a of curvature of the cam slipper surface 14 is kept at a constant value. 

As is clear from Fig. 5, the velocity V c + V F of the lubricating oil passing through the contact point 
between the camming surface 12 and the cam slipper surface 14 becomes zero when ? exceeds 2.1. 

Further, a range A of 0 < f S 1.8 indicates an optimum zone in which the weight of the rocker arm 13 
can be reduced by an amount of 5% or more as compared with that of the conventional rocker arm, and the 
30 velocity of the lubricating oil becomes so high that the formability of lubricating oil film between the 
camming surface 12 and the cam slipper surface 14 is improved to a large degree. 

A range B of 1.8 < ? £ 2.0 indicates a zone in which the weight of the rocker arm 13 can be reduced by 
an amount of less than 5%. and at the same time the velocity of the lubricating oil is a little increased so 
that the formability of lubricating oil film between the camming surface 12 and the cam slipper surface 14 Is 
as improved to some degree. 

A range C of 2.0 < f £ 2.1 indicates a critical zone in which the velocity of the lubricating oil is not equal 
to 0, i.e. no breakage of oil film occurs, but above which the lubricating oil velocity is equal to 0 to cause 
breakage of oil film. 

A range D of f > 2.1 indicates a zone in which, as described above, the lubricating oil velocity is equal 
40 to 0 to thereby cause breakage of oil film. 

In the case of f > 2.1, the oil film is broken at two points on the cam slipper surface 14. as shown in 

Fig. 6. 

Fig. 6 shows the relationship between the thickness of oil film between the camming surface 12 and the 
cam slipper surface 14, and the contact point between the camming surface 12 and the cam slipper surface 
45 14. In the figure, (a) indicates a point at which the high of the camming surface 12 starts to slide on the cam 
slipper surface 14, and (b) indicates a point at which the high of the camming surface 12 finishes sliding on 
the cam slipper surface 1 4. 

In the figure, a curve A is obtained in the case of ? > 2.1, where the thickness of oil film becomes 0, i.e. 
the oil film is broken at two points (c) and (d). 
so Further, curves B. C, and D are obtained in the cases of f Z 2.1, f S 2.0, and f S 1.8, respectively. In all 
these cases, the thickness of the oil film does not become 0, and therefore the oil film is not broken. 

Therefore, the valve actuating mechanism according to the present invention is free from breakage of 
the oil film between the camming surface 12 and the cam slipper surface 14. and therefore has greatly 
improved wear resistance. Further, it is possible to reduce the weight of the rocker arm 13 since the length 
55 of the cam slipper surface 14 thereof can be reduced by setting the values of f to 2.0 or less. 

Next, a second embodiment of the invention which satisfies the above equation (1) will be described 
below. 

In Rg. 3, the moving velocity V c of the contact point on the camming surface 12 of the cam 10 at which 

4 
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25 



30 



35 



40 



the camming surface 12 slides on the cam slipper surface 14 of the rocker arm 13, and the moving velocity 
V F of the contact point on the cam slipper surface 14 at which the cam slipper surface 14 slides on the cam 
10 can be expressed by the following expressions: 
V C r$ ( 3 ) 



oc 



n 



39 



* ( ) 



From the above expressions (3) and (4). and the aforegiven expression (1), the following inequality (5) 
holds: 

Here, 

rs d0_ v f b'U+D *+c'-2bc(l+r) cos(T + A) 

d<p~ a+r '"^ b) 



Therefore, the following expression can be obtained: 



Vc+ Vf=- l =A/ b I (l+r) l +c B -2bc(l+Dcos(r+A) 
r + a 

+ a (1+D >0 - (8) 

The above expression (8) can be transformed as follows: 

^^-7) VtTU + H *+c*-2bc (1 + D cos (F+T) 

<i+r - (T) . 



In this embodiment the sum of V c and V F satisfies the above expression (9) throughout the entire cam 
angle range. 

If the valve actuating mechanism is designed such that the above expression (9) is satisfied, the 
velocity at which the lubricating oil passes between the camming surface 12 and the cam slipper surface 14 
45 is prevented from becoming zero with more certainty, which results in more positive prevention of breakage 
of the oil film. According to this embodiment, the excellent effects described with reference to Figs. 4 and 6 
can be obtained with more certainty. 

Fig. 7 is a graph showing results of endurance tests carried out for two testing time periods of 20 hr 
and 40 hr on a valve actuating mechanism designed to satisfy the above expression (9) according to the 
50 invention, and two other valve actuating mechanisms which are different in the value of V c + V F from the 
former valve actuating mechanism. In the figure, A indicates results of one of the other valve actuating 
mechanisms which satisifles V c + V F > 0, B results of the other thereof which satisfies V c + V F > 0, anc C 
results of the present Invention wherein V c + V F > 0. 

With respect to each of A, B, and C, the dotted bar represents the result of a test carried out for a time 
S5 period of 20 hr, and the hatched bar one carried out for a time period of 40 hr. 

As is clear from the figure, C Indicating the results of the present invention shows amounts of wear of 
the cam slipper surface 14 much smaller than those shown by A and B indicating the results of the prior art. 
This means that the valve actuating mechanism according to the invention has the most excellent lubricity 
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between the cam 10 and the rocker arm 13. Further, the prior art cases of A and B undergo scuffing wear 
over the entire cam slipper surface 14. whereas the case C according to the present invention hardly 
undergoes scuffing wear over the" cam slipper surface 14. 

It is to be clearly understood that there are no particular features of the foregoing specification, or of 

5 any claims appended hereto, which are at present regarded as being essential to the performance of the 
present invention, and that any one or more of such features or combinations thereof may therefore be 
included In. added to. omitted from or deleted from any of such claims if and when amended during the 
prosecution of this application or in the filing or prosecution of any divisional application based thereon. 
Furthermore the manner in which any of such features of the specification or claims are described or 

70 defined may be amended, broadened or otherwise modified in any manner which falls within the knowledge 
of a person skilled in the art relevant art. for example so as to encompass, either implicitly or explicitly, 
equivalents or generalisations thereof. 



75 Claims 

1 . In a valve actuating mechanism for an internal combustion engine having at least one intake valve 
and at least one exhaust valve, including a rotatable cam having a camming surface, and a rocker arm 
having a cam slipper surface disposed in siidable contact with said camming surface, wherein said intake 

20 valve or said exhaust valve is opened and closed by rocking motion of said rocker arm caused by rotation 
of said rotatable cam, 

characterised in that said rotatable cam and said rocker arm have dimensions, shapes, and relative 
positions so designed as to safisfy a condition of V c + V F > 0, where V c represents velocity of movement 
of a contact point on said camming surface of said rotatable cam at which said camming surface slides on 
25 said cam slipper surface, and V F represents velocity of movement of the contact point on said cam slipper 
surface at which said cam slipper surface slides on said camming surface. 

2. A valve actuating mechanism as claimed in claim 1, wherein the condition of V c + V P > 0 is satisfied 
by setting r and a such that f S 2.1 is satisfied, where r represents a radius of a base circle of said camming 
surface, and a represents radius of curvature of said cam slipper surface. 

ao 3. A valve actuating mechanism as claimed in claim 1. wherein said rocker arm has a pivot having a 
fulcrum point about which said rocker arm rocks, and a stem slipper surface disposed in siidable contact 
with said intake value or said exhaust valve, and the condition of V c + V F > 0 is satisfied by the following 
expression: 



35 



40 



A — i) V r b I Tr+F3 '+c*-2bc (l+D cos CP + A) 
r-ra a 

< i + r 



where 

r: radius of a base circle of said camming surface; 
45 a: radius of curvature of said cam slipper surface of said rocker arm; 

b: distance between the fulcrum point of said pivot and center of curvature of said cam slipper surface; 
c: distance between the fulcrum point of said pivot and axis of said cam shaft 

T: angle formed by a straight line passing through the fulcrum point of said pivot and center of curvature of 
said stem slipper surface, and a straight line passing through the fulcrum point of said pivot and the axis of 
so said cam shaft; and 

\: angle formed by a straight line passing through the fulcrum point of said pivot and the center of curvature 
of said stem slipper surface, and a straight line passing through the fulcrum point of said pivot and the 
center of curvature of said cam slipper surface. 
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FIG . I 
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FIG. 2 
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FIG. 6 
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